We report a case of Hymenolepis diminuta infection in a 2-year-old child living in a suburban area of Catania, Italy. This case was initially referred to us as Dipylidium caninum infection, which was not cured after being treated twice with mebendazole. However, by analyzing the clinical presentation and stool samples we arrived to the diagnosis of H. diminuta infection. The case presented with atypical allergic manifestations which had never been reported as clinical features of symptomatic H. diminuta infection; remittent fever with abdominal pain, diffuse cutaneous itching, transient thoracic rash, and arthromyalgias. The patient was treated with a 7-day cycle of oral niclosamide, which proved to be safe and effective. This case report emphasizes that a correct parasitological diagnosis requires adequate district laboratories and trained personnel. In addition, we recommend the importance of reporting all H. diminuta infection cases, in order to improve knowledge on epidemiology, clinical presentation, and treatment protocols.
INTRODUCTION
Hymenolepis diminuta is a rat tapeworm whose diffusion throughout the world as a human infection is today rare even in developing countries. The definitive hosts of this helminth are usually rats and other rodents, while humans can only accidentally enter into the life cycle of this tapeworm by ingesting infected arthropods containing in their body cavity the helminth's cysticercoid larvae [1] . The great majority of the reported human infections derive from mass stool screenings in different populations or field surveys in tropical and subtropical areas. Infection is mainly asymptomatic, though rarely symptoms, such as itching, abdominal pain, and mild diarrhea, have been reported.
CASE DESCRIPTION
In December 2007, a 2-year-old boy, who had recently moved to a suburban area near the town of Paterno$ (20,000 inhabitants in eastern Sicily) after having always lived in a metropolitan area, was referred to the Outpatient Clinic of the Paediatric Unit in the University Hospital of Catania, Italy. He had a 6-month history of remittent fever and occasional emission of suspect tapeworm proglottids in his stool.
Before the child being referred to the Outpatient Clinic of the Paediatric Clinic of the University Hospital of Catania, the proglottids and several stool samples had been examined in a private laboratory and the child was diagnosed with Dipylidium caninum infection. Therefore, he was treated by his general practitioner with mebendazole for 3 days, without achieving clinical remission. A second stool examination, carried out in the same private laboratory after 20 days, revealed the presence of the same parasite, which led to a further treatment with a prolonged cycle of mebendazole (3 days per week for 3 consecutive months). One month after the end of the latest therapeutic cycle, the child was brought to the parasitological laboratory of the University Hospital in Catania, presenting remittent fever (maximum peak 37.7℃), abdominal pain, diffuse cutaneous itching, transient thoracic rash, and arthromyalgias. Blood and urine examinations together with abdominal ultrasound scan were performed without showing any abnormal results. Also, the parasitological examination of concentrated stool samples was negative. Two weeks later, while the same symptoms were persisting, the child emitted again proglottids in his stool. parasitological examination of a concentrated stool sample performed in our laboratory revealed numerous spherical eggs, 70 mm in diameter, which lacked polar filaments, and presented a thick-shelled outer membrane and a thin inner membrane containing 6 hooklets ( Fig. 1) [2] . The child was admitted as an inpatient in our Paediatric Unit and treated with oral niclosamide (1 g on the first day and 500 mg/day for the following 6 days) [3] . Within a week from the start of niclosamide treatment, fever, arthralgias and diffuse itching completely recovered.
Parasitological stool examinations performed in our laboratory 1, 7, 15, and 30 days after the end of the treatment were negative for H. diminuta eggs. In addition, the child maintained completely asymptomatic.
DISCUSSION
The natural reservoir and definitive host of H. diminuta is represented by rats and other rodents, while coprophilic arthropods, such as fleas, lepidoptera, and coleoptera, act as intermediate hosts when, by eating H. diminuta eggs emitted in the rodent's stool, they develop into cysticercoid larvae in their body cavity. If the infected arthropod is eaten by the definitive host, the ingested cysticercoid is introduced into the bowels of the rodent and develops to an adult worm whose eggs are discharged in the rodent's feces [1] . In addition, it has been recently demonstrated that a further mechanism of egg dispersal is represented by a beetle-to-beetle transmission of H. diminuta, which occurs in natural environments as a way for the helminth to wide its diffusion [4] .
Humans can only accidentally enter into the life cycle of H. diminuta, acting as definitive hosts when they ingest infected arthropods containing its cysticercoid larvae, which is the reason why this infection in humans is so uncommon [1] . At present, only a few hundred cases have been reported globally, the majority of which concerned with children who are more likely to accidentally ingest the helminth larvae [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, surveys concerning the parasitization rates of different populations revealed a prevalence range between 0.001% and 5.5% of the total population [9] [10] [11] [22] [23] [24] . H. diminuta differs from a related species, Hymenolepis nana, whose eggs are more frequently found in the human stool, since the latter can be transmitted through a person-to-person mechanism and hence does not necessarily require an intermediate host [1] .
With regard to the case described in our report, its rarity resides into 3 different reasons: firstly, up to now only 2 clear-cut clinically symptomatic cases of H. diminuta infection have been reported in Italy, the last having been described 5 years ago [20] . Similar to the last case reported in Italy, the house where the child lived (in a peripheral but not a rural area), its surroundings, and the places he attended were inspected but no evidence of rodents or fleas has been found.
Secondly, this case atypically presented as a fever of unknown origin and, as far as we know, fever has never been reported as a clinical feature of symptomatic H. diminuta infection. In addition to the remittent fever, other atypical allergic manifestations, like abdominal pain, diffuse cutaneous itching, transient thoracic rash, and arthromyalgias, were present. Allergic symptoms are often present in chronic worm infections, lead by a constant state of immune activation characterized by a dominant Th2 type of cytokine profiles and high IgE levels [25, 26] . However, eosinophilia is usually not observed in infections with helminths that reside in the lumen of the human gut as H. diminuta. Nevertheless, helminth infections may affect the expression of an allergic disease, and in certain situations, they may be associated with increased, decreased, or no risk of atopic conditions [27, 28] .
Thirdly, in our case, the infection was misdiagnosed as D. caninum in a private laboratory, leading to a delayed diagnosis as well as to an inadequate repeated treatment with mebendazole. This fact confirms that a parasitological diagnosis cannot be performed everywhere but requires adequate district labora- tories with well trained personnel.
As refers to therapy, actually there is no strong supportive evidence for its role either because of the lack of controlled studies or because there is some evidence that many infected and untreated individuals become spontaneously asymptomatic by time. Nevertheless, praziquantel is considered the drug of choice for the treatment of H. diminuta infection. However, its safety in children is far from being adequately demonstrated. In the case here described, we decided to use oral niclosamide, which seemed to be equally effective and relatively non-toxic as previously reported [3, 6, 20] .
Finally, we agree with Marangi et al. [20] and Tena et al. [21] who both recommended the necessity to report any case of H. diminuta infection in order to improve knowledge on epidemiology, clinical presentation, and treatment protocols.
